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Background

+ LED-based solutions offer many potential benefits for
airfield applications

> Long life is one commonly claimed benefit
e More reliable operation
e Reduced maintenance costs

+ However, LED systems are relatively new
> Insufficient long-term performance data.

+ Knowing the useful life of a luminaire allows planning
and execution of preventive maintenance without
disruption of airport operations.

Lighting ,

ResearCh Center © 2014 Rensselaer Polytechnic Institute. All rights reserved.




Background: Photometric performance

+ A functional definition of life is needed for LED
airfield luminaires

> Life of incandescent luminaires is well understood due to
the predictable nature of the technology
e Light output depreciation relatively small before lamp fails

> LED-based solutions will have differing performance
depending on the system integration and the application
environmental conditions

+ Safe airport operations depend on the adequate
photometric performance of luminaires at all times
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Useful life: A definition

+ Luminaires are expected to provide the required
photometric characteristics for the length of their
useful life, thus:

> Useful life is the time until a given luminaire falls out of
photometric specifications in terms of intensity and color.

> Luminaire life should not be based on L., values for LEDs
alone.
e A system has many components and must be tested as a whole
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Study Objective

+ The objective of this study is to gather long-term
light output and color shift data for airfield
luminaires under continuous and cycled operations

> To develop a suitable life testing method for airfield light
fixtures.
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Background

+ Lighting Industry LED Life Standard: IES LM-80-08

+ Operation at three case temperatures: 55°C, 85°C, and a
3rd value specified by the manufacturer, all at the same
drive current.

> Case temperature: X (-2°C)
> The temperature of the surrounding air: X (-5°C)
> Relative humidity should be less than 65%

¢+ Determine time for Lz in hours.

Ts, thermocouple at the test
point specified by LED
manufacturer
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Lighting Industry Standard: IES LM-80-08 + TM-21

+ Data collection period 6000 hours

Lumen Maintenance 4000K LUXEQON Rebel
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Life testing of airfield luminaires

+ Life testing: Similar approach to IES LM80

> Testing at 3 temperatures allows for identifying system
life at any ambient temperature

LED board Driver current
temperature and
control and time-on
monitoring monitoring

+ Photosensor for continuous light output
monitoring
+ Fiber optic connector for SPD measurements

+ Lambertian diffusing lens
« Beam from luminaire

+ Enclosure to control stray light into photosensor
and to maintain desired operating temperature

+ 6-in metal vault to contain heater element
« Heater element

+ Mounting plate to keep geometry between light

« 6.6A external driver to =
beam and sensors constant for duration of test

. . power luminaire
Lighting .
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Samples tested

+ Three red/white directional
Runway Centerline
luminaires

+ Three white Touchdown
Zone luminaires
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Runway Centerline luminaires
Light output depreciation

+ Lumen depreciation was rapid even at room temperature
+ (Catastrophic failures were due to driver failure
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Touchdown Zone luminaires
Light output depreciation

+ Lumen depreciation was rapid at higher temperatures
+ (Catastrophic failures were due to driver failure
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Touchdown Zone luminaires

+ Significant color shift
> Crossed color boundary in few hundred hours

Last measurement available before failure at
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A Parallel Study Sponsored by ASSIST

An accelerated test method for
estimating LED system life — General
[llumination

Narendran and Yi Wei, 14t International Symposium on the Science and Technology of
Lighting June 22-27, Como - ltaly
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Background

Failures can be parametric (lumen
depreciation) or catastrophic (complete
failure)

10,000 20,000
Operating Hours

LED system life

> Presently, LED lighting product life is
rated based on LED lumen maintenance

(LM80/TM21) ; - ...

-~ Roflector materials

. PCB

A lighting system has many
components

> Failure of any component can cause
system failure

.~ Thermal interface material

Therefore, whole system has be tested
to obtain reasonable life estimate
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Study Objective

+ None of the test procedures
presently available are designed to
project system life based on the
environment temperature and the
use pattern (on-off)

+ Objective - To develop an
accelerated test method that can
predict failure of LED system based
on factors such as

> Environment temperature (Tpin)
> On-off cycling.
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ASSIST Study Objective

+ To understand the effect of different delta
temperate and dwell times on failure time

> Lamp used: A 60W equivalent LED lamp

Dwell time
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ASSIST Study Results

* For the system tested

> Delta temperature increase results in shorter TTF
— Catastrophic failure

> Dwell time increase

e Results in longer time to failure at delta T 95 C
e Data is still being collected at other delta T temperature

1 hr dwell

® 2 hr dwell

Time to Failure
(median, hrs)

4 3 hrdwell

Time to Failure
(median, hrs)

50 60 70 80 90 100 0123 45©6 7 8
Delta T (deg C) Dwell Time (Hrs)
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ASSIST Study Summary

+ Life testing of LED systems must include on-off cycling
> Very fast cycling may not show failure

+ LED system lumen depreciation can be due to several
factors (Electrical and optical)

> Simple function extrapolation for systems may lead to erroneous
results

+ Failure acceleration using delta T and dwell time is showing
promise in predicting the failure of LED systems under
different operating conditions
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Follow up study
- Airfield Fixtures

Sponsor FAA
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Follow up study — started 12/2013

+ Objective: To understand performance of LED
airfield fixtures under continuous and cycled

operations

+ Test conditions

> In all cases, the ambient temperature was set such that
the LED pin temperature = 100°C

> For each sample type, one is operated continuously and
the other is cycled 12-hours on and 12-hours off
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Results: Light output depreciation

+ For this product, lumen depreciation rate was
greater when cycled
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Chromaticity shift

+ In each case the plot shows the initial chromaticity at the beginning of
the test, at 2700 hours, at 4250 h, and at 5280 h
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Conclusion

¢ Current airfield LED systems

> Lumen depreciation and color shift are fairly rapid
e Much shorter than expected life

+ Life testing of LED systems must include on-off
cycling

+ Life definition should be based on absolute light
level and maintenance of chromaticity values within
the prescribed boundary
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Thank you.
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